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Abstract of the dissertation:
Identifying the inflammatory pathway of genes upregulated in LADMAC cells exposed to
BCM7
Oumlissa Persaud
Bachelors in Biology
Molloy College (December)
Biology, Chemistry and Environmental Studies department
Casein is the main protein present in milk and other dairy products. Beta-casein is one of
the 3 major proteins in milk. Beta-casomorphin-9 (BCM9) was the original beta-casein protein
found in milk, specifically cow's milk. However, a genetic mutation occurred and the 67th amino
acid in the BCM9, proline, mutated to histidine (P67H) creating Beta-casamorphin-7 (BCM7).
The protein BCM7 gets cleaved in the small intestine, making it readily absorbed in the body. In
previous unpublished studies they found that murine leukocytes (LADMAC cells) showed an
increase in inflammation when exposed to BCM7, as compared to BCM9. Therefore, the goal of
this experiment is to find the inflammatory pathway of genes upregulated in LADMAC cells
when exposed to BCM7. The 5 genes we tested were: PTGES, PTGS1, PTGS2, TNFα and NFĸB. Quantitative polymerase chain reaction (qPCR) was used to identify upregulated
inflammatory genes in the LADMAC cells exposed to BCM7, BCM9, lipopolysaccharide (LPS,
positive control) and phosphate-buffered saline (PBS, negative control). Our results showed that
none of the genes were upregulated when exposed to BCM7or BCM9. These genes are also a
part of the cyclooxygenase pathway, which implies that an inhibitor of this pathway will not stop
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inflammation caused by BCM7 or BCM9. Although we did not identify the inflammatory
pathway upregulated by BCM7, we were still able to do the opposite. We identified a pathway
which is definitely not turned on.
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Introduction
Casein is the most predominant fraction (80%) of milk’s protein. There are three forms of
casein, and beta-casein (β-casein) is one of them. β-casein has 209 amino acids and at least 12
genetic variants (Haq et al, 2014). The two major variants are A1 and A2 which differ at their
67th amino acid position due to a mutation which happened in dairy cattle about 10,000- 5000
years ago. The original A2 milk coded for beta-casomorphin-9 (Bcm9) with proline at the 67th
amino acid position (Haq et al, 2014). After the mutation took place, proline was replaced with
histidine thus producing A1 milk which coded for beta-casomorphin-7 (BCM7).
β-Casomorphins are opioid like bioactive peptides which are released upon digestion of
β-casein (Haq et al, 2014). BCM9 is a larger protein which is not readily absorbed by the
digestive system, this is the opposite for a smaller protein such as BCM7. The proline in BCM9
forms a tight bond with amino acids on either side of it, but histidine does not. Due to the
weakness of the peptide bonds with histidine, a peptide consisting of 7 amino acids breaks off in
our digestive track (Cross, 2015). This peptide is BCM7 which can easily cross the blood brain
barrier, bind to opiate receptors and cause inflammation.
It has been previously proven through several experiments that BCM7 causes/increases
inflammation (Cross, 2015). In a study conducted by Haq et al, BCM7 was evaluated on
murine’s gut immune response. Mice were administered the peptides through oral intubation.
The researchers found that the BCM7 peptide increased phenotypic expression of inflammation
associated molecules (Haq et al. 2014). In unpublished research, LADMAC cells, which are
murine monocytes, also showed increased inflammation when exposed to BCM7 as compared to
BCM9 by a chemotaxis assay (Amaya et al, 2015).
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Inflammation has symptoms of redness, swelling, heat and pain (Scott et al, 2004). It can
be classified as a cascade of events and plays a major role in the body’s immune response to
injury and infection. Of course having an acute inflammatory response is necessary at times: for
example when stubbing one’s toe. However, chronic inflammatory responses become
problematic when they are turned on for unnecessary reasons like, inflammation due to milk.
Therefore, the goal of this experiment is to find the inflammatory pathway of genes
upregulated in LADMAC cells when exposed to BCM7. The 5 genes we tested were: PTGES,
PTGS1, PTGS2, TNFα and NF-ĸB. These genes belong to the cyclooxygenase pathway. This
pathway catalyzes the immediate substrate for a series of cell specific prostaglandin and
thromboxane synthases (Williams et al, 1999). Prostaglandins are involved in various biologic
processes, like the regulation of immune function, inflammation, kidney development etc.
(Williams et al, 1999). Therefore, if these genes are upregulated when exposed to BCM7 and
BCM9, then an inhibitor of this pathway may prevent inflammation caused by BCM7 or BCM9.
To identify whether this pathway is upregulated or not, the cDNA obtained from
inflamed LADMAC cells exposed to BCM7, BCM9, lipopolysaccharide (LPS) as a positive
control, and phosphate-buffered saline (PBS) as a negative control will be used. The expression
of the genes will be measured by using quantitative polymerase chain reaction (qPCR). Real time
qPCR is the most reliable method for detection and quantification of DNA, cDNA and RNA
levels (Thornton, 2011).
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Materials and Methods
Genes Used
A previous research group selected 12 primer pairs to test for their 12 chosen genes (IL12A,
IL12B, PTGES, PTGS1, PTGS2, MPO, NF-KB_B, NF-KB_A, MAP3K11, CXCL13, IL1A and
TNFα). The genes were chosen based on previous knowledge; they are known to be involved in
inflammation. The gene list was later narrowed down to 5 genes after bioinformatics analysis
and initial testing of primers by qPCR.
Gathered Bio-informatics data (Genome Browser, Bio GPS & GeneCards)
The BLAT feature of the genome browser mapped the 12 primer pairs, identified their genome
coordinates and inferred length of the qPCR product. The genome browser provided other
information such as, chromosome number, nucleotide number and melting temperature.
GeneCards was used to identify the function of each gene and BioGPS looked at the expression
of the genes. BioGPS identified the genes expression in all cells, specific cells and macrophages.
If the genes were expressed in macrophages then there was a good chance that they would be
expressed in our LADMAC cell line. CXCL13 and MPO were eliminated because they were not
expressed in macrophages. Although NF-KB was neither expressed in macrophages, we
continued to use it in our study because of its importance in immunological pathways. We were
left with 10 genes.
LADMAC cell culture:
LADMAC cells (ATCC CRL-2420) were cultured in Dulbecco’s Modified Eagles Medium
(DMEM) (Invitrogen, Carsbad, CA) with 10% Fetal Bovine Serum (FBS) (Atlanta Biologicals,
Flowery Branch, GA) 1% Penicillin-Streptomyosin (Invitrogen, Carsbad, CA), 1% NonEssential amino acids (MEM (Invitrogen, Carsbad, CA), and 1% Glutamax (Invitrogen, Carsbad,

13

CA). Cells were passaged 8 times and the media was changed every 2-3 days and were
maintained at 1x105-1x106 cells/ml and incubated at 37°C in 5% CO2.
Exposing cells to additives:
Cells were cultured at a concentration of 1.44x106 cells per flask in 4ml of media and exposed to
additives BCM9 (106 molar) (A2 Milk Company Auckland NZ), BCM7 (106 molar) (A2 Milk
Company, Auckland NZ), lipopolysaccharide (LPS) as the positive control and phosphatebuffered saline (PBS) as the negative control. 4µL of each additive was added. All experiments
were done as biological triplicates. Cells were incubated in the additives for 48 hours.
RNA extraction:
RNA was extracted from the LADMAC cells following the manufacturer’s protocol
“Purification of Total RNA from Animal Cells using Spin Technology” (QIAGEN with the
exception of the following changes: an extra drying step was added after adding RLT buffer the
second time and an extra minute was added prior to final RNA elution.
Reverse transcription
Reverse transcription converted the LADMAC’s mRNA to cDNA. The BIORAD protocol
“iscript reverse transcriptase supermix for RT-qPCR” (Hercules, CA) was used. We followed
this protocol exactly to obtain cDNA as the product.
Nano-Dropping
The samples used in this experiment and the products obtained were all checked for quality and
quantity by Nano-drop (Wilmington, DE). For example, Nano-drop confirmed that the reverse
transcriptase products were cDNA. The numbers; 1.9 and 1.8 identified RNA and DNA
respectively.
14

Quantitative Polymerase Chain Reaction (qPCR)
We stringently tested the 10 genes using qPCR. qPCR was performed by preheating at 95°C for
3 minutes, followed 39 rounds at 95°C for 10s, 55°C for 10s, 72°C for 30s, with a final step of
95°C for 10s, 65°C for 5s 95°C for 5s. The protocol for 2X SYBR Green qPCR Master Mix
(BiMake,Houston,TX.) was followed and the CFX96 Touch Real time PCR detection system
(BIO-RAD Hercules, CA) was used. The total reaction was 25ul with a concentration of 10ng/ul
cDNA.
We removed MPO, NFk-B_A, IL12A, IL12B and IL1A from the final analysis because their Cq
scores were higher than 30 and an ideal Cq score is usually below 30. A second qPCR test was
performed only on the 5 remaining genes: PTGES, PTGS1, PTGS2, TNFα and NF-ĸB_B. The
results were normalized against two housekeeping genes: GAPDH (F-5’
AGGTCGGTGTGAACGGATTTG, R-5’TGTAGACCATGTAGTTGAGGTCA) and ACTIN
(F-5’ GGCTGTATTCCCCTCCATCG and R-5’ CCAGTTGGTAACAATGCCATGT).
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Results
Bio-informatics data
Genome browser confirmed that there was a 100% match between the forward and reverse
strands of all 12 primers, it also confirmed that the primers identified the same gene. Genome
browser provided additional information like number of nucleotides, chromosome number start
and end strands and melting temperature (Table 1). Gene cards provided the functions of each
gene (Table 1). BioGPS identified whether the genes were expressed in “all cells”, “specific
cells” or macrophages. (Table 1).
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Table 1: Bio-informatics data (BioGps, Gene cards & Genome Browser)
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Quantitative Polymerase Chain Reaction (qPCR)
We performed qPCR on 5 genes (PTGES, PTGS1, PTGS2, TNFα and NF-ĸB). They are a part
of the cyclooxygenase pathway in LADMAC cells exposed to BCM7, BCM9, LPS and PBS.
The qPCR data of the 5 genes were normalized against two housekeeping genes: GAPDH and
ACTIN. The results indicated that none of the 5 genes were upregulated by BCM7 or BCM9
(Figure 1). Expression of each gene tested didn’t surpass the expression of the negative control.
For example, expression of PTGS2 when exposed to BCM7 and BCM9 was not significantly
higher than the negative control (Figure 1).
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Figure 1: Graphs showing the expression of the genes when exposed to BCM7, BCM9, LPS
and PBS. The genes expression when exposed to BCM7 and BCM9 is in red and blue
respectively. The negative control and the positive control are represented by yellow and green
respectively. The genes expression when exposed to BCM7 and BCM9 were lower than the
expression of the negative control. Therefore, the genes when exposed to BCM7 and BCM9
were not upregulated.
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Discussion
The qPCR results showed that none of the 5 genes tested were upregulated when exposed
to BCM7 and BCM9. Our findings on the 5 genes suggested that, inhibition of the
cyclooxygenase pathway will not stop inflammation caused by BCM7 or BCM9. For example,
aspirin is an inhibitor of the cyclooxygenase pathway (Ohmori et al, 2006). However, aspirin
will not alleviate or stop inflammation caused by BCM7 or BCM9.
A study performed by Pennesi et al, reported that a casein free diet helped autistic
patients. The diet alleviated symptoms of inflammation and it improved other ASD symptoms
like social behavior (Pennesi et al, 2012). These findings implied that casein probably caused
these symptoms or enhanced them. Such complications by casein can be attributed to its BCM7
portion. As such, it is still very important to identify the specific inflammatory pathway turned
on by BCM7. If this is done then an inhibitor of the pathway can be developed to help those
patients. More research is clearly needed in this area.
Although we did not identify the inflammatory pathway upregulated by BCM7, we were
still able to do the opposite. We identified a pathway which is definitely not turned on. For future
studies, our findings gave researchers additional background information to work with. Future
researchers can now proceed by testing other genes aside from the ones we already tested.
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